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Light-scattering studies have been carried out on an immunochemical system that serves as a model for specific protein determinations in biological samples. The influence of antigen/antibody ratio, salts, urea, pH, temperature, and excitation wavelength are presented. Of significance is the finding that ions, particularly F-, increase the rate of formation of and the light scattering from the antigen-antibody complexes.
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Quantitation of specific proteins in human serum, cerebrospinal fluid, and urine by nephelometric measurement of immunochemical reactions has gained acceptance during the past few years. Advantages over conventional methods of analysis include increased precision and shortened time of assay. Both manual (1-6) and automated techniques (7-13) have been described for measuring a wide variety of proteins, but little has been published pertaining to the actual procedure by which reaction conditions are optimized.
There are some data reported on light-scattering properties of aqueous solutions of antigen and antibody (14) (15) (16) (17) (18) (19) . Marrack and Richards (19) extensively investigated the rate of aggregation of two antigenantibody systems by measuring light scattered at 90#{176} and the ratio of light scattered at 45#{176} and 135#{176}. However, these studies were concerned with reactions between purified proteins, and may not directly relate to the problems faced by the clinical chemist in the development of an immunochemical assay procedure. Biological samples present difficulties not present in solutions of purified proteins.
We describe rate studies performed with a model system, IgG-anti IgG, in which diluted whole human serum and whole goat antiserum are used. The parameters investigated are those of interest to the clinical chemist, and should provide a useful guide for research in the measurement of specific proteins in biological samples. The wavelength of the incident light was set at 468 nm, which corresponds to the maximum intensity of the xenon source lamp. A cut-off filter was placed between the excitation monochromator and the sample cell, to eliminate second-order excitation. The secondary monochromator was set at 470 nm, to exclude nonspecific fluorescence. The angle between incident and scattered light was 90#{176}.
Materials and Methods

Apparatus
The temperature in the sample-cell chamber of the fluorometer was held constant by use of a circulating water bath.
Reagents
Phosphate buffer.
A phosphate buffer (pH, 7.4; 10 mmol/liter) was prepared by dissolving 1.18 g of Na2HPO4 and 0.233 g of NaH2PO4 in 1 liter of distilled de-ionized water. Particulate matter was removed by passing the solution through a filter with an average pore size of 0.22 zm (Millipore Corp., Bedford, Mass. 07130). The buffer was then diluted 10-fold with filtered saline (9 g of NaCl per liter) to be used as a diluent in the investigations of antigento-antibody ratio, urea, and temperature. A 10-fold dilution of the buffer with distilled de-ionized water was used as diluent in preparing solutions of neutral salts. The special buffers described below were used for the pH studies. (20) . This pool was found to contain 1080 ± 135 mg of IgG per deciliter (130 ± 8 mt. units/ml). A 50-fold dilution of this pool was made and used as the sample in all the studies.
To decrease background light scattering, the diluted pool was centrifuged at 144000 X g for 1 h and then passed through a 0.22-zm (av pore size) filter (Millipore).
Salt solutions.
Effects of neutral salts on the reactions were studied by use of 0.1 and 0.5 molar solutions of NaF, NaCl, NaBr, NaNO3, KF, KC1, KBr, and KNO3, which were prepared by adding the appropriate amount of each salt to 100-ml portions of the lO-millimolar phosphate buffer. Urea solutions.
Reactions were carried out in solutions of urea in PBS at concentrations of 0.2, 0.4, 0.8 and 1.2 mol/liter, which covers the concentration range of urea expected in normal 24-h urine samples.
Other buffer solutions. Phosphate buffers (0.1 mol /liter) were prepared as described by Bermes and Forman (21) , and diluted 10-fold with distilled, deionized water. These lO-millimolar phosphate buffers gave pH readings of 6.72, 7.10, 7.32, and 7.67.
Method
As stated previously, the antiserum was diluted with PBS for investigations of antigen-antibody ratio and temperature, and with the appropriate salt, buffer, or urea solution in the other studies.
For all studies the baseline was set to zero with distilled de-ionized water in the flow cell. The blank mixture, consisting of 0.1 ml of sample and 1.0 ml of appropriate diluent, was then injected into the flowcell and the light-scattering measured. An antiserum "blank" (0.1 ml of distilled de-ionized water and 1.0 ml of diluted antiserum) was then placed in the flow-cell, the light-scattering response noted, and the baseline again set to zero. The reaction mixture was prepared by adding 0.1 ml of sample to 1.0 ml of diluted antiserum in a 10 x 75 mm disposable test tube. A timer was activated as sample was added to antiserum, and the reactants,aftermixing by inverting the tube 10 times, were aspirated into a 3-ml syringe and injected into the flow-cell. Readings were taken after 1 mm and were usually continued for 30 mm.
The reaction mixtures described gave an antigenantibody system that appeared in the upper portion of the zone of antibody excess of the precipitin curve in the studies on light scattering as a function of salt concentration, urea concentration, pH, and temperature. Additional dilutions of the intermediate pool gave the various antigen concentrations needed for the other studies.
Results
Precipitin
Curve-Reaction Rate as a Function of Antigen-Antibody Ratio
The importance of characterization of the precipitin curve for the antigen-antibody system of interest has been noted in previous reports (4, 12) . In these instances, the pool was diluted to provide samples with concentrations of antigen ranging from distinct antibody excess to antigen excess. These were then added to a constant amount of antibody to provide solutions with increasing antigen-antibody ratios. Figure 1 shows the rate plots of these reactions. We also investigated the difference in the nature of the reactions attained with a constant antigen-antibody ratio (0.154) but with different concentrations of antigen and antibody.
As the concentration of the reactants is doubled, the initial reaction rate also about doubles, and equilibrium is attained in about half the time. These results reflect changes in the secondary aggregation of antigen-antibody complexes, because detection of the primary combination of antigen and antibody would require measurements immediately after the reactants were mixed (17).
Factors Affecting the Antigen-Antibody Reaction
Salts.
In previous reports of techniques for measuring specific proteins, either saline (9 g/liter) or phosphate-buffered saline was used as the diluent. We investigated the effects on the immunochemical reaction of 0.1 and 0.5 molar solutions of certain neutral salts. The results of these experiments are given in Figures 2-5 , which illustrate reaction response vs. time curves for 0.1 and 0.5 molar solutions of Na+ and K+. Curves for four anions-F-, CF, Br-, and N03 -are given in each Figure. size of the anion. With the same anion, the reaction rate is faster and light-scattering is greater with sodium salts than with potassium salts. Evaluation of these data is aided by consideration of the hydration spheres of the ions of interest (22). Reaction rates and final light-scattering intensity increase proportionately with larger ionic hydration spheres. This could be the result of a "salting out" effect of the antigen-antibody complexes as the ions bind more of the available water. Thus, in the presence of an ion with a large hydration sphere, water is more easily excluded from the complexes as they form.
With one exception (NaF), the reaction was facilitated more with 0.1 molar than with 0.5 molar solutions. This behavior is also observed in reactions with purified proteins (19).
Urea as an inhibitor. Current interest in the renal clearance of specific proteins as indicators of tubular or glomerular disorders (23) prompted us to study the effect of urea on the antigen-antibody reaction. Figure 6 gives a comparison between the reaction carried out in PBS and in various urea solutions. Even low concentrations of urea significantly inhibit the reaction.
In an actual assay system, this effect could be decreased if the urine were diluted or if urea was removed before the urine was mixed with antiserum.
pH tion, and if incubation at a higher temperature would enhance the reaction and thus increase sensitivity. The results of the temperature study ( Figure  8 ) are similar to the pH plot. The only temperature dependence we observed was a small decrease in net light-scatteringas the temperature was increased from 25#{176} to 37#{176}C. Small deviations in room temperature should not, therefore, affect the reaction, and sensitivity would not be increased by incubation at 37#{176}C. We think our data will be a useful guide to clinical chemists who are interested in investigating specific proteins in biological samples. Our data concerning rates of reaction and antigen-antibody ratio agree in trend with those of Hawkins (16), Tengerdy (17), and Marrack and Richards (19) . Results as to the effects of neutral salts also compared favorably with work done by Marrack and Richards (19) , except that we observed differences between the effects of sodium and potassium salts, which they did not. Also, the degree to which the salts affect dilutions of serum and antiserum could not have been predicted from the data on purified proteins. The influence of urea on the reaction ismuch more pronounced in our system than with a purified antigen-antibody system (19) and the influence of pH is less, particularly in the early stages of the reaction. Several investigators have reported no significant change in the reaction under moderate changes in temperature (17-19) ; our data confirm this finding.
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